the dwarf nova 0 Y Car (Home et al. 1994) . In order to fit a mass of absorption lines originating in material passing across our line of sight to the white dwarf, supersonic microturbulence of 60 km S-1 (Mach 6) was required. Armitage, Livio & Pringle (1996) suggest that this could arise if the disc was magnetically dominated in quiescence such that the quantity of interest was the Alfven speed rather than the sound speed. This in tum may tie in with the magnetic instability of Balbus & Hawley (1991) as the source of the viscosity in accretion discs.
The deduction from the HST data of supersonic turbulence needs to be tested independently. As Doppler broadening is inclination-dependent, we might hope to find systems close to being face-on for which Dopper shifts are unimportant. However, such systems will be hard to locate. The minimum width that we expect to see is given by thermal Doppler broadening, and is of order 10 km S-1 for hydrogen at 10 000 K. The fraction of systems which have an orbital inclination such that the Doppler width is less than the thermal width VT is (VTIVo)z/2, where Vo is the orbital velocity in the outer disc. For typical values this fraction is of order 2 in 10 000, a prohibitively small number.
In this paper we present an inclination-independent constraint based upon the small wavelength difference between two lines of species commonly detected in CVs. In Section 2 we explain how this constraint works, and then in Sections 3, 4 and 5 we present and analyse data taken to test this idea.
LINE OVERLAP
Emission lines from an accretion disc form independently if they do not overlap with one another. More accurately, they must not overlap at any particular point in the disc rather than in the emergent spectrum where Doppler broadening dominates. If two lines do not overlap locally, then their total flux will simply be the sum of their individual fluxes, as it would be if both lines were optically thin, however close in wavelength. The interesting case occurs when one or both lines are optically thick, because then their combined flux will no longer equal the sum of the individual fluxes unless they are not overlapping locally.
This discussion can be illustrated more quantitatively by a simple model of a uniform slab in LTE for which the emergent intensity I, is given by
I,=B,(I-e-<'),
where B, is the Planck function equivalent to the temperature of the slab, and 1:", is the optical depth through the slab at frequency v. Now consider two nearby emission lines which contribute amounts 1:"1 and 1:"z to the optical depth (we will ignore continuum optical depth, but it makes no qualitative difference to this discussion). The flux in the lines is then f '2 B,(I-e -<1-<2) dv '1 where V1 and vz cover both lines. If we subtract the flux that would be obtained if line 1 was isolated, SB, [I-exp( -1:"1)] dv, then we get the suppressed flux of line 2: f V, B,(I-e-<2)e-<1 dv. '1 This differs from the isolated flux of line 2 because of the exp( -1:"1) term; so, as expected, if line 1 has a significant optical depth at the position of line 2, the flux of the latter will be suppressed.
To exploit this test, we need to observe two closely spaced lines commonly seen from accretion discs for which we can estimate the fluxes individually from independent data. The lines of Ca II H at 3968.47 A and He at 3970.074 A satisfy these conditions. First, they are both commonly seen in CVs, and they are separated by 120 km S-1 which, though more than the sound speed, is still much less than typical Doppler-broadened widths. We are able to predict the flux of He empirically by interpolation from neighbouring members of the Balmer series (Section 5). The flux of Ca II H can be estimated from the flux of the relatively isolated Ca II K line at 3933.76 A.
The oscillator strength of the Ca II K line is twice that of the Ca II H line, and we expect a similar ratio of fluxes under collisionally excited optically thin conditions in accretion discs. Under optically thick conditions the fluxes tend to become equal. The conditions that hold in practice can be tested with observations of the Ca II infrared triplet at 8498.02,8542.09 and 8662.14 A. We will find that the infrared triplet lines are optically thick, and thus so are the Ca II H and K lines. Fig. 1 shows the suppressed line profile of Ca II H according to [1-exp( -1:"z)] exp( -1:"1) compared to its unsuppressed counterpart (dashed line). Gaussian line profiles were used with widths given by the quadratic means of the microturbulence and line-of-sight velocity dispersion for the particular atoms and temperature. Some idea of plausible optical depths was obtained from an LTE model of solarabundance gas with a density of 10 15 baryon cm -\ a pathlength of 6 x 10 8 cm, and a temperature of 9000 K. The path-length is a typical disc thickness, and the number density corresponds to a surface density in quiescence of 1 g cm-z . In the case of no microturbulence, we obtain optical depths at the centre of Ca II K and He of 4.8 x 10 5 and 1.6 x 10 4 respectively. Therefore, as indicated in the plot, we used an optical depth at the line centre of HE of 16 000, and a value 15 times higher for Ca II H. We also computed a lower optical depth case for reference. The line profile is cut away on its right by the increasing optical depth from HE. (The apparent blueshift is not measurable because of the emission from He, which we have not plotted and which is itself redshifted.)
The Ca II H/K ratios as a function of broadening are plotted in Fig. 2 for cases of low and high optical depths (again measured at the centre of He for no microturbulence). The low-optical-depth case was chosen to illustrate the optically thin ratio, and to show the effect of microturbulence in reducing the effective optical depth. The relative atomic mass of calcium (40) ensures that its thermal broadening is much less than hydrogen, and consequently it is affected more by micro turbulent broadening. The ratio here is not quite 0.5 because of the difference in the Planck function between the two lines. Based upon the above reasoning, we obtained observations of a sample of systems, as we now describe.
\------ Wavelength (1\) Figure 1 . The saturated Ca II H profile is suppressed by He on its right-hand side as shown by the unsuppressed (dashed line) profile. The suppression is much more effective for the higher turbulent broadening, and somewhat more effective at higher optical depths. The optical depth indicated is measured at the centre of He with no turbulent broadening.
.... 
Microturbulence, RMS (km./s) Figure 2 . The Ca II H/K ratio generated from a uniform slab model with optical depths at the centre of He with no micro turbulence, as indicated in the plot. The high-optical-depth case shows the saturated ratio close to 1 for low microturbulence, but then shows the suppression caused by overlap of Ca II H with He at large broadening.
OBSERVATIONS
On the nights of 1992 January 24 and 25 we observed 20 CVs of a variety of types with the ISIS double-beam spectrograph of the 4.2-m William Herschel Telescope on La Palma. We used a coated EEV CCD to cover the range 3655 to 4555 A at 0.75 A pixel-1 on the blue arm of ISIS, and another EEV CCD to cover the range 7835 to 9545 A at 1.43 A pixel-1 on the red arm. A resolution of 2 pixel fullwidth at half-maximum (FWHM) was achieved in each case. The blue-arm data thus cover the Balmer series from HI' to beyond the series limit along with Ca II H and K The redarm data cover the higher Paschen series, the Ca II triplet and the Na I 8200-A doublet down to the start of a strong molecular band from M stars. All these features are seen in our spectra.
Both nights were partly cloudy, with seeing from 1.2 to 1.6 arcsec. We observed with a slit of size 70 by 1 arcsec, ori-ented vertically for all objects to minimize the effects of atmospheric dispersion. We took comparison arc spectra for every object, and we observed the flux standard BD + 26°2606 (Oke & Gunn 1983 ) through a 7-arcsec-wide slit to calibrate the wavelength variation of the sensitivity of the system. Although there were clouds present, during clearer periods we also took short exposures of our targets through a 7-arcsec-wide slit to obtain a rough measure of their absolute brightness and to place them on a reliable relative flux scale.
The spectra were extracted to optimize the signal-tonoise ratios, following Home's (1986) method as adapted for curved spectra by Marsh (1989) . The spectra were fluxcalibrated using the wide-slit spectrum of BD + 26°2606 and, in addition, the red spectra were corrected for telluric absorption using a narrow-slit spectrum of the same star. The correction for telluric absorption was complicated by a number of factors. First, our spectra finish at 9545 A, which is still a severely absorbed region. Thus extrapolation is required to estimate the unabsorbed spectrum. Secondly, BD + 26°2606 does have noticeable Paschen absorption lines, and although we did attempt to remove these, the profiles of the Paschen lines at 9014,9229 and 9545 A cannot be completely relied upon. The amount of correction necessary varies during the night, and we chose to apply a correction which minimized the amount of scatter in the region from 8210 to 8346 A (a region which avoids the Na I doublet). Fortunately, for our analysis the telluric absorption does not affect the Ca II triplet fluxes and is confined to intervals from 8130 to 9350 A (typically about 4 per cent), 8950 to 9200 A (of order 6 per cent), and beyond 9280 A where it reaches up to 40 per cent.
Finally, for all stars for which we had taken wide-slit spectra we corrected the narrow-slit spectra to have the same large-scale distribution of flux. We did not take wideslit spectra of some targets, as it could already be seen at the telescope that they would not prove useful to our investigation, most often because they were in outburst. A log of our observations is presented in Table 1 .
Most of our targets were dwarf novae, and we concentrated on those with narrow lines (Le., of low inclination), since this reduces the problems of blending of the Ca II K line with neighbouring Balmer lines. We also observed a variety of other types, and one well-known, high-inclination dwarf nova, U Gem, as a comparison. We were unlucky that no less than five of the dwarf novae were in outburst, showing only weak emission with shallow absorption wings.
RESULTS

Average spectra
We plot the mean spectra in Figs 3 to 6. Figs 3 and 4 show the systems with strong emission which are best suited to With relatively narrow lines and a wide wavelength coverage, our spectra are well suited to line identification. In Table 2 we list the wavelengths and identifications of the lines seen in our spectra, along with the names of those targets which best show the lines in question. Some of the identifications could be made only after we had run Lffi models of the spectra using the large line list of Hirata & Horaguchi (1995) . Several lines have not been identified before in CVs to our knowledge. These are several C I lines in the infrared, He I lines at 3705 and 3819 A, Si II lines at 4130 and 3860 A, and 0 I 8446. The C I lines are seen in only three objects -RX And, SS Aur and TW Vir; these are also the only objects in which Fe II lines can be seen. Under Lffi conditions for T-:::::;10 000 K, C I and Fe II weaken relative to the hydrogen lines with increasing temperature. This is from a combination of the low ionization potential of C I (11.3 eV) compared to H 1(13.6 eV) and the low excitation potentials of the Fe II lines (-:::::; 2.3 e V) compared to the Balmer lines ( -: : : : : ; 9.6 e V). This suggests that RX And, SS Aur and TW Vir have relatively cool discs compared to the other systems observed.
The visibility of these lines depends mostly on the inclination. For example, in the edge-on system U Gem the lines are so broad that little of the Balmer series can be seen beyond H8 at 3889 A, and even Ca II K is badly blended with lines on either side. Apart from the five dwarf novae caught in outburst (EI UMa, Z Cam, YZ Cnc, SY Cnc and AH Her, plotted at the bottom in Fig. 6 ), DW UMa, which in its high state is similar to SW Sex, was caught in a low state and shows only narrow emission lines which almost certainly come from the secondary star (Dhillon, Jones & Marsh 1994 The spectra of five more targets plotted as in The spectra of the last five targets plotted as in Our low-state observation of DW UMa agrees with the long-term light curve presented by Honeycutt, Livio & Robertson (1993) , who measured V = 18 around the time our spectrum was taken (HID =244 8647.7). Their magnitude agrees well with the flux in our spectrum. The low state is about 3-4 mag fainter than the normal high state of DW UMa, and yet there is still no sign of the secondary star in our spectrum. The period of DW UMa is such that the secondary star will be a late M dwarf (M4 or M5), much as can be seen in the spectra of U Gem and AM Her. We estimate that it can contribute no Plore than 25 per cent of the flux at I even in the low state, which puts its I magnitude > 19.5. The I-band absolute magnitude of M dwarfs is unfortunately heavily dependent upon spectral type, but we find that the distance to DW UMa must exceed >:::: 850 pc if the secondary star has spectral type M4, and 450 pc if this type is M5 (Bessell 1991 ) .
AM Her was also in a low state, and the Zeeman-shifted absorption from the white dwarf first found by Young, Schneider & Shectman (1981) can be seen blueward of
There remain eight or nine stars showing pure emission spectra with Ca II K and Balmer emission. It is easy to see in these spectra that HE stands out above the trend of the Balmer series because of the blended Ca II line.
A side benefit of our data are nine stars which show Na I from the secondary star. When Na I is seen, the red/blue flux ratio is larger than it is for the spectra with no detection, and also a drop-off in flux can be seen in the range 7800 to 8200 A. This is as expected when the late-type secondary star is making a significant contribution. The drop-off flux is caused by a molecular band seen in M dwarfs. Na I has been seen before in most of these stars (Friend et al. 1988 1986 ). At our modest spectral resolution and orbital coverage, we can say little about the line profiles in detail, but one interesting feature is that the Ca II lines are more clearly double-peaked than the Balmer lines in several objects including RX And, SS Aur and TW Vir. An obvious explanation for this is that the Ca II lines will suffer much less thermal broadening than the Balmer lines because of the higher atomic mass of calcium. However, this is not a significant effect because, although the thermal broadening of hydrogen is larger than calcium, it is still only 10 km S-1 at 10000 K, much less than our spectral resolution ( >:::: 100 km S-1 FWHM). Moreover, in SS Aur it appears that the very highest members of the Balmer series and the Paschen series lines are double-peaked, while the stronger Balmer series lines are not. This is a hint that there is some form of broadening sufficient to smooth over the double peaks which perhaps depends upon optical depth in the lines. We will return to this in our discussion in Section 6.
Time-resolved spectra
In most cases we took more than one spectrum of our targets. Most targets did not vary much, but two eclipsing systems, UG Gem and SW Sex, did show enough variability to warrant some comment.
We took three consecutive spectra of U Gem, which are plotted in Fig. 7 . The orbital phases of the three spectra are 0.65, 0.73 and 0.80 using the ephemeris of Marsh et al. (1990) . A narrow component is on the blueshifted side of 
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Wavelength (1\.) Figure 7 . The spectra of U Gem are plotted so that they ascend with time. The three spectra had exposure times of 1000 s, and were taken consecutively. The spectra are offset by 10 mJy from each other. Orbital phases are indicated, with phase zero defined by when the secondary star is closest to us. 3600  3800  4000  4200  4400  4600 Wavelength (1\.) Figure 8 . The spectra of SW Sex are plotted so that they ascend with time. The three spectra had exposure times of 1000 s, and were taken consecutively. The spectra have been normalized to a unit continuum, and are offset by 0.5 units from each other.
the profile in the first spectrum, but has moved to the red and weakened considerably by the third spectrum. The variations of velocity and strength are consistent with an origin on the inner face of the secondary star. Our three spectra of SW Sex, plotted in Fig. 8 , show an absorption component in the first spectrum in most lines, including Ca II K, He 14026 and 4471 and the Balmer series; He I 4471 provides the clearest example. The absorption has disappeared by the third spectrum. The orbital phases, which are from the ephemeris of Dhillon, Marsh & Jones (1997) , suggest that the absorption is associated with the well-known 'phase 0.5' absorption seen in these stars. Data presented by Honeycutt, Schlegel & Kaitchuck (1986) show that the absorption in SW Sex is strongest at phase 0.4 and has disappeared soon after phase 0.5, as we observe. There is, however, more to it than this, because in the Balmer lines there is a component that moves rapidly from red to blue during the three spectra (Fig. 9) . Although we have only three spectra, they are enough for a filtered back-projection to show that this is probably from the secondary star. This can also be seen directly from the phases and velocities of Fig. 9 . This component is not seen in He I or C II 4267, although there is a hint of it in Ca II K. Our data are thus consistent with the discovery of a secondary star component in SW Sex by Dhillon et aI. (1997) .
ANALYSIS
Our aim was to measure the Ca II H/K flux ratio, and to use the relatively uncontaminated Ca II triplet lines to determine whether the Ca II emission was optically thin or thick. We explored several methods of extracting fluxes, including multi-Gaussian fits and a more generalized maximumentropy deblending method. However, in the end we decided to use a very direct approach which could be used without alteration for each spectrum. The fluxes were measured over a range of ± 1000 km S~l around every line of interest. For the Balmer series, we used their rest wavelengths. This included the HE/Ca II H blend, and so as far as Ca II H is concerned this means that the flux window is Equally significant is an emission component moving from around + 200 to -100 km S-1 in the three spectra.
shifted by 120 km S-1 to the red. We therefore used an identically shifted window when extracting the flux of Ca II K so that any flux lost would be of the same order. We applied a similar approach in the red where each of the Ca II infrared triplet lines is blended with a (much weaker) Paschen line in its red wing (separations of 159,116 and 100 km S-I). Again we used a ± 1000 km S-1 window for all the Paschen series lines, but in this case it was shifted by 120 km S-1 to the blue so that they were roughly centred on the Ca II triplet lines. We adopted this approach as in this case the Ca II lines are much the strongest, and the Paschen emission is a relatively small correction to them. The offsetting procedure should minimize problems with emission outside the range of our window, but it should be noted that since our targets are narrow-lined, our results are hardly affected even when the shifting is not applied. We then identified areas of continuum largely uncontaminated by emission lines. This was not easy, since for consistency the most difficult object defines the points to use and RX And has lines almost everywhere.
Linear fits were made to continua fluxes, and quadratic and cubic fits were made to the Balmer and Paschen series, in order to remove the blended hydrogen emission from the Ca II lines. We restricted ourselves to stars showing reasonably strong Ca II emission, with the exception of U Gem which has lines so broad that blending is very severe. The results of these steps are shown in Figs 10 and 11. The Ca II line ratios obtained from these fits are listed in Table 3 . For both Ca II Hand K and the infrared triplet we have taken the ratio with respect to the line with the largest oscillator strength (3933 and 8542). Thus the expected ratios in the optically thin case are all less than 1 as listed in Table 3 .
The infrared triplet ratios show that these lines are optically thick. All three lines have the same lower level, and so in L TE their relative strengths depend only upon their oscillator strengths and their optical depth. The weighted oscillator strength, gf, of the Ca II 8498 line is only 1/9 that of the Ca II 8542 line, and yet its flux is typically 70 per cent of that of the stronger line. The flux of the stronger 8662 line is also much closer to equality than if it were optically thin. Therefore the triplet lines are optically thick.
The excitation potential of the lower level of the Ca II infrared triplet lines is 1.7 e V above that of the H and K lines. More Ca II ions will be in the lower energy state, and therefore Ca II H and K will have a higher optical depth than the triplet lines. For example, at 8000 K in LTE the optical depth in Ca II K is a factor of 10 higher than in Ca II 8542. Therefore we would expect them to have 1: 1 flux ratio, similar to the case of 8662/8542 ratio. In fact, apart from the AM Her star AN UMa, we measure H/K ratios of order 0.5. We conclude that the ratio is much lower than expected, and that this comes about through overlap of the Ca II H and He line profiles at every point in the disc.
DISCUSSION
Our results are consistent with the existence of the highly supersonic motions in the accretion disc suggested by the HST observations of an 'iron curtain' in OY Car (Home et al. 1994 ). The microturbulence implied by the HST results is of order 60 km s-\ and with this affecting both Ca II H and He equally, the separation of 120 km S-1 between these lines is easily bridged.
The simple model presented in Fig. 2 suggests lower values, in the range 20 to 30 km s-\ but, given that we are not comparing like with like, we do not consider this difference surprising. In particular, a more realistic treatment of turbulence may lead to a broadening that depends upon the lines used to measure it. For a more sophisticated approach to the effects of turbulence on lines see Home (1995) . The supersonic turbulence model has passed its first hurdle, but any other broadening mechanism could produce the same effect; Stark broadening ofthe Balmer lines is perhaps the most obvious alternative. If we assume that the suppression is caused by Stark broadening, then we can calculate the path-length needed as a function of temperature and density (assuming a uniform slab). We use the Stark broadening tables of Lemke (1997) , and assume LTE excitation and ionization of hydrogen. We then calculate the pathlength needed for He to have unit optical depth at the position of Ca II H. Our results are plotted in Fig. 12 . For temperatures above ~ 8000 K and baryon densities above .
' " Wavelength (X) Figure 11 . As for Fig. 10 for the stars RX And, SS Aur, X Leo and AN UMa. optical depths in these lines may be small enough that the local profiles are narrow. In the optical range there appear to be no other close pairs of lines for which our method can be applied reliably, mostly because all lines other than H I, He I and Ca II are weak. A possible exception is the high Balmer series lines; the way in which they blend could possibly tell us something about the local line profiles, but unfortunately the density in the emission regions would also have a role to play here.
One worry from our results is that the final ratios measured are close to the optically thin ratio of 0.5. Having tried but failed to come up with convincing ways for Ca II Hand K to be optically thin while the infrared triplet is optically thick, we are forced to conclude that this is just coincidence.
CONCLUSIONS
The supersonic turbulence required to fit the mass of absorbing lines in HST spectra of the dwarf nova OY Car suggest that the line profiles of HE and Ca II H should overlap and suppress the Ca II emission. We have taken spectra around the Ca II Hand K and the Ca II infrared triplet to test this prediction. We find that while the infrared triplet emission is optically thick with flux ratios near unity, the HI 5000 10 4 1.5x10 4
Ter.nperature (K) Figure 12 . The column length needed for He to have unit optical depth at the position of Ca II K due to Stark broadening is plotted versus temperature for three different baryon densities. LTE conditions were used to compute the ionization and excitation of hydrogen for solar-abundance material. The dashed line shows a typical vertical height through the disc.
K ratios are close to 0.5. Since we expect the lower excitation H and K lines to be even more optically thick than the triplet lines, we conclude that the Ca II H emission is indeed suppressed as expected in the supersonic turbulence model. This indicates that supersonic turbulence may be a widespread property of the discs of cataclysmic variables. While our results are consistent with supersonic turbulence, they do not prove its existence; any line broadening mechanism of sufficient strength will do the same. Stark broadening in particular could manage to cause line overlap if the lines form at high enough density ( > 5 X 10 13 em -3) and temperature ( > 8000 K). Whatever mechanism is correct, the broad local profiles suggested by our results may explain why double-peaked profiles are not seen more often in dwarf novae.
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